. Replication of mumps virus in human leukocyte cultures. J. Bacteriol. 92:258-265. 1966.- leukocyte suspensions consisting mainly of blast forms, which were derived from leukemic patients. Berg (1) reported similar results on infection of fresh leukocyte suspensions with echovirus 9. Subsequently, Nahmias and co-workers (9) and Gresser and Chany (5) infected not only fresh but also 4-day-old leukocyte cultures with herpes simplex virus and poliovirus type 1, respectively. When fresh cultures were used, evidence of viral replication was not noted before the 4th day, and peak titers were observed by the 6th day or later. On infection of 4-day-old cultures, significant viral replication became evident and maximal titers were obtained sooner than in fresh suspensions. These results indicated that polymorphonuclear cells, which degenerate rapidly, contributed relatively little, if at all, to the maintenance of the various viruses, and that mainly the PHA.
viral replication was detectable within 2 days. In both instances, peak immunofluorescence and virus titers were reached when the cultures were 7 to 9 days old and composed mainly of blast forms. With decreasing input multiplicities of infection, cells containing viral antigen and production of infectious viral progeny became detectable with increasing delay. No significant viral replication was noted in surviving cells maintained in the absence of PHA. These results indicate that mainly, if not solely, the PHA-stimulated cells of the lymphocytic series support viral multiplication. The extent of the infectious process was limited, however, because the life span of the cultures was not significantly shortened, the yields of infectious virus per immunofluorescent cell were at all times low, and most infected cells contained only a few well-delineated small masses of antigen, suggestive of an abortive infection. Only fresh cultures were capable of synthesizing interferon on stimulation by mumps, Newcastle disease, or Sendai viruses. When the cultures were set up in the presence of PHA, this capacity was lost within 24 hr. PHA per se failed to induce detectable production of an interferon under the conditions used. The implications of these findings are discussed.
Several viruses were found to replicate to some extent in suspensions of human peripheral leukocytes which were prepared or cultured in the presence of phytohemagglutinin (PHA). This substance, originally used to separate erythrocytes from leukocytes, was shown subsequently to stimulate mytosis of lymphocytic elements and to change many into blast forms (8, 10) . Berg and Rosenthal (2) were able to maintain measles virus through serial passages at 3-to 4-day intervals in fresh human leukocyte cultures. Maximal virus titers were obtained, however, only between the 4th and 7th days. Measles virus also grew in 1 leukocyte suspensions consisting mainly of blast forms, which were derived from leukemic patients. Berg (1) reported similar results on infection of fresh leukocyte suspensions with echovirus 9. Subsequently, Nahmias and co-workers (9) and Gresser and Chany (5) infected not only fresh but also 4-day-old leukocyte cultures with herpes simplex virus and poliovirus type 1, respectively. When fresh cultures were used, evidence of viral replication was not noted before the 4th day, and peak titers were observed by the 6th day or later. On infection of 4-day-old cultures, significant viral replication became evident and maximal titers were obtained sooner than in fresh suspensions. These results indicated that polymorphonuclear cells, which degenerate rapidly, contributed relatively little, if at all, to the maintenance of the various viruses, and that mainly the PHA. stimulated lymphocytic elements were responsible for supporting viral replication. Indeed, in the absence of PHA, the cultures failed to support herpes simplex virus. The yields of virus in all instances were low in relation to the number of available cells.
The delay in viral replication and the low yields of progeny conceivably might be related to the fact that fresh leukocyte suspensions are capable of synthesizing interferon on appropriate viral stimulation (4), with both lymphocytes and polymorphonuclear cells being involved (7) . Furthermore, PHA per se was reported to induce interferon synthesis in human leukocytes (14 The present studies, concerned with infection of leukocyte cultures by mumps virus, were undertaken to clarify further the cultural conditions required for viral replication, the extent of cellular susceptibility, and the roles played by PHA and interferon in the infectious process.
MATERIALS AND METHODS
Leukocyte cultures. The technique described by Moorhead et al. (8) was used with some modifications. Blood treated with heparin was allowed to settle at 37 C within a syringe kept in an upright position. When about one-third of the volume had been cleared of red cells, the leukocyte-rich plasma was expelled upward through a bent needle into a centrifuge tube, and the cells were sedimented at 600 X g for 10 min. The cells were washed three times in medium 199 supplemented with 10% inactivated fetal calf serum (30 min at 56 C), and transferred to plastic or glass flasks. After being gassed with a mixture of air and 5% CO2, the flasks were incubated in a prone position at 37 C for 1 hr to permit attachment of polymorphonuclear cells and monocytes to the surface of the vessels. The suspension of unattached cells was decanted and counted. Differential counts revealed that the granulocytes were reduced by this procedure by, at most, 85%. The desired numbers of cells were sedimented and resuspended in medium 199 containing 20% fetal calf serum, 1% phytohemagglutinin-P, and penicillin (100 units per ml) and streptomycin (100 jug/ml). The final suspensions, containing between 106 and 2 X 106 cells per milliliter, were dispensed into Erlenmeyer flasks, prescription bottles, or screw-capped vials, leaving an air space of about 80% of the total volume. Half of the medium was replaced on the second day, care being taken not to disturb the settled cells. Further feedings did not seem to prolong the survival of the cultures and, therefore, were usually omitted. Cell counts were made at intervals, by use of a 0.1% solution of trypan blue as diluent to differentiate between viable and dead (staining) cells.
Viruses. The Ricki strain of mumps virus, isolated in chick embryos from a case of parotitis, was used in its 7th to 9th amniotic passage. The amniotic fluid seeds, stored at -70 C, contained approximately 108 plaque-forming units (PFU) and 102.6 hemagglutinating (HA) units per ml. The virus was added to leukocyte cultures in a concentration sufficient to attain desired input multiplicities. Nonadsorbed virus was usually, but not always, removed after adsorption periods of 1 to 3 hr at 37 C by washing of the cells twice with medium.
For production of interferon, Sendai or Newcastle disease (Victoria strain) virus was used in the form of infected chick embryo allantoic fluids. For assay of interferon activity, the Indiana strain of vesicular stomatitis virus (VSV) was used as challenge. Stock virus was prepared from infected chick embryo fibroblast cultures.
Hemadsorption plaque assay ofmumps virus. Monolayers of chick embryo fibroblasts were prepared in plastic flasks (Falcon Plastic Co.) according to routine procedures (6) . Enough cells were seeded to obtain confluent sheets within 18 hr. After washing with Hanks solution, 0.4-ml amounts of the test materials were introduced, and the virus was permitted to adsorb for 1 hr at 37 C. The cell sheets were then overlaid with the following mixture: methyl cellulose (Methocel; viscosity, 1,500 centipoises; Dow Chemical Co., Midland, Mich.), 1.5%; medium 199 (lOX), 3%; Scherer's maintenance medium (lOX), 5%; inactivated horse serum, 20%; NaHCO3 solution (7.5%), 5%; and antibiotics. After incubation at 37 C for 10 days, the flasks were placed at 4 C for 1 hr, the overlay was poured off, and the cell sheets were washed with cold phosphate-buffered saline (PBS) solution until all cellulose was removed. After addition of 3 ml of a 0.6% suspension of chicken red cells in PBS, the flasks were kept at 4 C for 30 min, drained, washed, and examined for foci of hemadsorption. These were readily identifiable ( Fig. 1) and countable under illumination by a 60-w light source.
Immunofluorescence assays. Cells were sedimented from culture samples and, after decanting of the supernatant fluids, were resuspended in the remaining medium. Drops of this suspension were spread evenly over cover slips (6 by 30 mm), and allowed to dry at 37 C. The preparations were fixed in fresh acetone at room temperature for 10 min, and then exposed for 1 hr at 37 C to fluorescein isothiocyanateconjugated human y-globulin obtained from donors who had been hyperimmunized against mumps. The cover slips were thoroughly washed in two changes of PBS, dipped in distilled water, dried, fixed on slides by means of a semipermanent mounting medium (12) , and examined under ultraviolet illumination (Osram HBO 200-w lamp) with a Zeiss microscope. The percentage of cells containing viral antigen was determined by counting from 200 to 1,000 cells, depending upon the extent of the infection.
Interferon production and assay. Suspensions containing up to 107 viable cells per milliliter of medium (2% fetal calf serum) were exposed to mumps, Sendai, The gradual spread of the infection in PHAstimulated cultures is shown in Fig. 3 . In this experiment, leukocytes of one donor were exposed to mumps virus at an input multiplicity of 1.1, and replicate cultures were set up for assay of viable cells and virus-specific immunofluorescence at the indicated intervals. The cell counts, after the usual initial decline, revealed evidence of cellular replication, and the cultures, consisting at that time largely of blast forms, survived for 3 weeks. The percentage of infected cells reached its peak by the 13th day and declined thereafter, well in advance of the death of the culture.
These results indicated that mainly the PHAstimulated lymphocytic elements of the culture supported the synthesis of viral antigen(s). This is further evident from the fact that, upon inoculation of mumps virus into 3-to 5-day-old cultures, many cells became infected within a few days, their number depending, of course, upon the multiplicity of infection. In the experiment presented in Table 1 , PHA-stimulated leukocytes were infected on the 3rd day at varying multiplicities. With the larger doses of virus, more than 50 % of the cells contained antigen 48 hr later, but as the dose was decreased antigen became detectable successively later. In other experiments extending over longer periods, immunofluorescence appeared as late as 6 days after infection at a multiplicity of 0.0001. In confirmation of the data shown in Fig. 1 , the percentage of infected cells, after reaching a peak, declined again, whereas the cultures still contained many viable cells.
Production of infectious viral progeny. The above experiments have shown that cultured leukocytes in the presence, but not in the absence, of PHA are capable of supporting synthesis of mumps antigen(s). To test for production of infectious viral progeny, cultures, with and without PHA, were exposed to mumps virus on different days after their initiation, and assayed for infectious virus yields by use of the hemadsorption-plaque technique. In the first experiment (Fig. 4) , freshly obtained PHA-stimulated and PHA-free suspensions of leukocytes, as well as cell-free medium, were inoculated with mumps virus at an input multiplicity of 1.2. At the indicated intervals, 0.2 ml of medium was withdrawn, diluted 1:10 in medium, and stored in sealed ampoules at -70 C until assayed. The virus in cell-free medium was completely inactivated within 4 days of incubation at 37 C. In the PHA-free cultures no evidence of viral replication became evident, but inactivation proceeded at a slightly slower rate until no virus was detectable by the 7th day. In contrast, the virus titers in the PHAstimulated cultures, after an initial decline, showed a significant rise on the 3rd day and possibly a second peak on the 8th day. This culture as well as uninfected controls failed to survive for more than 12 days.
A similar experiment, including cell counts, is shown in The two suggestive peaks in virus titers seen in Fig. 4 were evident also when other cultures were infected at multiplicities of 0.5 to 5 on the day of preparation or 1 day later (Fig. SA) . Depending on the general viability of leukocyte cultures from individual donors, the final decline in virus titers occurred between the 8th and 15th days. The loss of the cultures could not be ascribed to viral action, because control, uninfected cultures, as a rule, failed to survive longer. When cultures were infected at similar multiplicities on the 5th day after their initiation, peak virus titers were reached within 2 to 3 days thereafter, and only small, secondary peaks were noted after another 4 to 6 days (Fig. 5B) .
When low multiplicities of infection were employed, evidence of viral replication was considerably delayed as was observed also in the immunofluorescence tests. In the experiment shown in Fig.  6 , leukocyte cultures were exposed 24 hr after their initiation to virus at input multiplicities of 4.5 and 0.0045. The results obtained with the larger dose conformed to those just described. With the smaller dose, virus became temporatily detectable 6 days after infection of the culture, and was in significant titers only after the 8th day. The cell counts for the two cultures failed to show striking differences during the observation period in spite of the fact that the yields of virus differed on the average by a factor of 10. This showed again that the mumps infection does not markedly reduce the survival time of the leukocyte cultures.
Interferon synthesis. Leukocyte cultures were tested for their capacity to produce interferon after exposure to appreciable amounts of interferon whether or not PHA was present (Table 3) . However, in the presence of PHA, the ability to synthesize interferon was apparently blocked within 24 hr, whereas in its absence surviving cells still yielded interferon when stimulated 1 
